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ABSTRACT

Despite an overall increase in total road salt used over the past 14 years (the data record in this

manuscript), there has been a 26% reduction in the rate (normalized as tonnes of salt per cm of snow

per km of road) of road salt application by the City of Toronto since that city implemented mitigations

from the Road Salt Code of Practice. The ecological benefit of the reduced use of road salt was

approximated by comparing the estimated 26% salt reduction to the distribution of chloride

tolerances that has been recently published by the Canadian Council of Ministers of the Environment

(i.e., CCME). Species sensitivity distributions predict that between 1 and 14% of taxa would benefit

from a 26% reduction in chloride concentrations in surface waters. Assuming that a typical ‘healthy’

Canadian watercourse might support between 100 and 200 species of fish, invertebrates and plants,

the Code of Practice might provide benefit to between 14 and 28 species. However, the net

ecological benefit of implementing the Code may be undermined in rapidly urbanizing watersheds

where road networks continue to expand at a rate of 3–5% per year and chloride loads to urban

streams are steadily increasing.
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INTRODUCTION

Snow and ice conditions on the road system have a signifi-

cant impact on public safety, roadway capacity, travel time

and economic costs (Keummel ). In Canada, control

of snow and ice on road pavements and sidewalks is gener-

ally achieved by a combination of de-icing with road salts

and mechanical plowing. Each year, approximately 5

million tonnes of road salts are used as de-icers on roadways

in Canada (Environment Canada ). The City of Toronto,

with about 5,500 km of dense road network (City of Toronto

) relies on about 135,000 tonnes per year salt appli-

cation during the winter to provide safe transportation

surfaces for all road and sidewalk users in an efficient and

affordable manner.

Both aquatic and terrestrial ecosystems can be adversely

affected by exposure to chloride concentrations associated

with the typical use of road salts (USEPA (United States

Environmental Protection Agency) ; Novotny et al.
; Environment Canada & Health Canada ;

Rutherford & Kefford ). Elevated concentrations of

chlorides in surface waters can cause changes in behavior

(e.g., increased ‘drift’ of stream invertebrates; Crowther &

Hynes ), and increase mortality rates of aquatic organ-

isms (Evans & Frick ; Benbow & Merritt ).

Cladocerans (e.g., Ceriodaphnia) are considered particularly

sensitive to chlorides with concentrations as low as about

450 mg/L causing harm to individuals during short-term

exposures (Dowden & Bennet ; Elphick et al. ).

The larvae of some select rare and endangered Canadian

freshwater mussels are also highly sensitive to chloride

with concentrations as low as 113 mg/L causing harm to

individuals in laboratory toxicity tests (Bringolf et al. ;
Gillis et al. ; Gillis ).

Chloride concentrations vary spatially in Canada.

Natural background freshwater chloride concentrations

are generally in the 10–20 mg/L range, but stream chloride

concentrations in highly urbanized areas can be as high as
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10,000 mg/L. Loadings are highest in urban centers includ-

ing Toronto and Montreal (Mayer et al. ).

Concentrations of chlorides are generally increasing in

ground (Kincaid & Findlay ; Mullaney et al. )

and surface waters (Todd et al. ) in urbanized areas.

There may be a relationship between percent impervious-

ness and chloride concentrations in streams, based on

work in the USA (Kaushal et al. ), and implying that

areas with an imperviousness of >30–40% are likely to

have chloride concentrations in their surface waters of

some 200–300 mg/L.

Environment Canada classified road salt a toxic sub-

stance on the basis of extensive review of fate and effects

(Evans & Frick ). That classification required that

Environment Canada consider regulatory instruments for

mitigating the risks that were considered to be posed by

the product. Environment Canada (EC) & Health Canada

(HC) () carried out additional research assessing various

mitigation techniques (Marsalek ; Stone & Marsalek

), and then developed its Code of Practice (EC ).

The Code of Practice is an assemblage of best practice

guidelines for reducing the use of road salts in municipalities

that use large amounts of the product. Environment

Canada is encouraging municipalities that use more than

500 tonnes of road salt per year to implement the mitiga-

tions recommended in the Code. Municipalities that

implement the best practices (including reduced application

rates and more efficient timing of application) have been

able to reduce chloride concentrations in groundwater by

50% over a 3–4 year period (Bester et al. ; Stone et al.
).

The ecological benefit of implementing the Code is ques-

tionable, considering that our road networks are continuing

to expand and chloride loads to watersheds are increasing.

Estimating the ecological benefit of the Code of Practice

requires an understanding of the relationship between

exposure concentration (as well as frequency and duration)

and ecological effect. Chloride tolerances determined from

laboratory toxicity tests provide one line of evidence of the

potential effects that chloride concentrations can have in

the environment. USEPA () developed toxicity

thresholds for chloride including a longer-term chronic cri-

terion of 230 mg/L which is to be applied to exposure

durations of 96 h or more, and a short-term acute criterion

of 860 mg/L which is to be applied to exposure durations

of 4 h or less. The Canadian Council of Ministers of the

Environment (CCME) recently published a national guide-

line for chloride (CCME ). CCME recommended that

concentrations of 640 mg/L would protect most species

(95%) during short-term acute exposures, while 120 mg/L

would protect most species under longer-term chronic

exposures. CCME () further recognized that some water-

sheds in southwestern Ontario contain species of Unionidae

(freshwater mussels; northern riffleshell – Epioblasma toru-
losa rangiana and the wavy-rayed lamp mussel – Lampsilis
fasciola) that are not only highly sensitive to chloride

during their larval stages (concentration lethal to 10% of

larvae is ∼24 mg/L), but are rare and at risk of extirpation

(COSEWIC (Committee on the Status of Endangered Wild-

life in Canada) a, b), and that these watercourses may

require further protection greater than that afforded by the

general guidelines.

The objective of this paper is to provide one estimate of

the ecological benefit of Environment Canada’s implemen-

tation of the Road Salt Code of Practice. The estimate here

is specific to the City of Toronto’s experiences. Reductions

in chloride loads to streams, and associated concentrations

in surface waters, were modeled using road salt application

rates for the City of Toronto before and after implemen-

tation of the Code of Practice. The ecological benefit was

estimated by comparing the observed salt reduction (pre to

post implementation of the Code) to the distribution of

chloride tolerances (Posthuma et al. ) that has been

recently published by the Canadian Council of Ministers

of the Environment (i.e., CCME).

METHODS

Normalized road salt loadings

Road salt application rates were computed for the Toronto

area for the period 1996 to 2007. Salt application rates

were provided by the City of Toronto – Transportation Ser-

vices and by the Ontario Ministry of Transportation. Road

salt application rates within watersheds and catchments

depend in part on road density and primarily on the

weather. Higher road densities generally result in more
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road salt being applied within a catchment. Greater

amounts of snow also generally require a greater amount

of road salt application in a given year. Changes in surface

water concentrations pre-post the Road Salt Code of Prac-

tice (i.e., before versus after 2004) could, therefore, have

varied because of changes in road density (i.e., increase)

or changes in snowfall. Road salt application rates were

thus standardized for road density and snowfall to better

understand the impact of the Code of Practice on road salt

application rates. Annual snowfall data for the Toronto

area were obtained from the nearby Environment Canada

weather station in North York. Digital road network data

were obtained from the Ontario Ministry of Transportation.

The relationship between road salt application rate (tonnes

per year) and road density, as well as between road salt

application rate and snowfall accumulation (cm per year)

were quantified annually for the years 1996 through 2007.

Salt application rates were scaled to road density and snow-

fall accumulation, and ultimately expressed as kg salt/km

road/cm snow. Total length of salt-applied roads within

the watershed was considered for the normalization as all

roads drain to the stream network within a couple of

hours due to lower roughness in storm sewer systems. The

lag time in getting salty runoff to a stream is, therefore,

much smaller than the time frame considered for short-

term exposure for aquatic organisms (generally 24–48 h).

A simple t-test was used to test for differences in normalized

application rates between the period before (1996–2003)

and the period after implementation of the Road Salt Code

of Practice (2004–2007). The percent change in normalized

road salt application rate was computed from before to after

implementation of the Code.

Quantifying ecological benefit

CCME () reviewed the existing chloride toxicity litera-

ture and developed a species-sensitivity distribution (SSD),

which describes the expected distribution of species toler-

ances when exposed to chloride. CCME developed two

curves: (1) the first SSDa was for acute, or short-term (24–

48 h) exposure to chloride; and (2) the second SSDc was

for chronic, or long-term (96 h or longer) exposure to chlor-

ide. Both SSDs were based on the set of taxa for which

reliable toxicity data are available; data are not available

for all of the tens of thousands of aquatic organisms that

occur in surface water environments (creeks, streams,

rivers, ponds, lakes) in Canada (Morton & Gale ). The

SSDs, which are approximately normally distributed, how-

ever, can generally be used to predict the percentage of

species that will be affected when exposed to chlorides for

short- or long-term periods. Both short- and long-term

SSDs were considered well fit using a log-Weibull model

with the following form (as per CCME ()):

y ¼ 1" e
"

x
λ

! "k

where, y is the percentage of species affected, x is the logar-

ithm of the chloride concentration, and λ and k are

constants that define the shape and form of the relationship.

In the case of the short-term SSD, λ was 3.6268 and k was

10.9917; in the case of the long-term SSD, λ was 3.2119

and k was 7.0473. The SSDs are reproduced in Figure 4.

The SSD models were used with the normalized

reduction in road salt application rates to quantify a poten-

tial ecological benefit to having implemented the Road

Salt Code of Practice. Here, the reduction in normalized

road salt application rates was taken as an estimate of the

reduction in chlorides that could be anticipated, all other

factors being considered, after implementation of best prac-

tices post the Road Salt Code of Practice. So for example, if

the normalized road salt loadings were to have decreased by

10% post implementation of best practices, it was assumed

that chloride levels in surface waters in Toronto area

streams would be roughly 10% lower than if the Code of

Practice had not been implemented. It is recognized that

there are various lags when chlorides transport to streams,

and that some of the lags are considerable (e.g., decades in

some cases). For the purpose of this paper, it was assumed

that chloride loadings to watercourses responded immedi-

ately to reductions in application of road salt to roadways.

The ecological implication of that reduction was estimated

considering the magnitude and form of the short-term and

long-term SSDs. We computed the percentage of species

that would be anticipated to benefit from reductions in

chlorides (as per the estimated reduction in normalized

road salt application rates), using both the short-term and

long-term SSDs.
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RESULTS

Reduction in normalized road salt application rates

Road salt application in the City of Toronto varied by an

order of 3× from a low of ∼57,000 tonnes in the winter of

2001/2002 to ∼200,000 tonnes in the winter of 2007/2008

(Table 1). Over 50% of the variation in road salt application

was related to cumulative snowfall (Figure 1). A little less

than 5% of the variation in salt application rate was related

to road density (Figure 2). Salt application rates normalized

for both road density and snowfall are illustrated in Figure 3.

There was a subtle but distinctive reduction in road salt

application rates in the period defined as being after the

Road Salt Code of Practice was implemented. The difference

(26% reduction in mean normalized salt application rate)

Table 1 | Normalized road salt application rates

Winter period
Total amount of road
salt applied (tonnes)

Cumulative
snowfall (cm)

Length of roadway
lanes (km)

Normalized road salt application
(tonnes/cm/km)

1995/06 128,000 150 12,343 0.069

1996/97 157,600 167 12,415 0.076

1997/98 101,900 112 12,493 0.073

1998/99 140,400 124 12,493 0.091

1999/00 142,900 88 13,846 0.117

2000/01 176,600 181 13,800 0.071

2001/02 56,900 77 13,800 0.054

2002/03 208,200 145 13,800 0.104

2003/04 108,200 108 15,052 0.067

2004/05 147,400 166 15,052 0.059

2005/06 94,700 108 15,052 0.058

2006/07 89,100 83 15,052 0.071

2007/08 195,600 233 15,052 0.056

2008/09 147,100 195 15,052 0.050

Figure 1 | Relationship between cumulative snowfall and tonnes of road salt applied in the Toronto area between the winters of 1995/1996 and 2008/2009.
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was statistically significant at a probability level of 0.03%

(for a one-sided t-test).

Ecological benefit

The relationship between percent of taxa affected and chlor-

ide concentration was sigmoid in shape (Figure 4). The

percentage of species benefiting from a 26% reduction in

chloride concentrations, therefore, varies from a negligible

fraction when the chloride concentrations are already low

(say <200 mg/L), to ∼14% when chloride concentrations

decrease from ∼6,000 to 4,400 mg/L in a short-term acute

exposure (Table 2; Figure 4). The percentage of species ben-

efiting also depends on whether the exposure is short- or

long-term, with a greater benefit occurring under short-

term acute exposure (Figure 4; Table 2). The ecological

benefit was greatest within the zone of the SSD in which

the slope of the relationship between species affected and

concentration was the most extreme, for both the short-

term and long-term relationships.

DISCUSSION

This analysis demonstrated a potential 26% reduction in

chloride loads to watercourses in the Toronto area after

implementation of the Code of Practice. That loading

should, in the longer term, result in chloride concentrations

being ∼26% less than what they otherwise would have been,

had the Code of Practice not been implemented. Those

reductions in chloride concentrations, further, have the

potential to benefit as much as 14% of potential freshwater

Figure 2 | Relationship between length of roads (km) and tonnes of road salt applied in the Toronto area between the winters of 1995/1996 and 2008/2009.

Figure 3 | Variations in normalized road salt applications rates, City of Toronto.
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taxa. The estimated benefit: (1) assumes that the anticipated

reduction in chloride loads is accurate; (2) recognizes that

there are time lags between changes in application rates

and concentrations in surface waters; (3) recognizes that

chloride loads can be expected to generally increase in the

future, regardless of implementation of the Code of Practice,

and that aquatic species will more likely continue to be at an

increasing risk; and (4) recognizes that other pollutants and

stressors may override the influences of chlorides and

further limit the distributions of aquatic organisms in heavily

urbanized centers. Each of these points is discussed in

greater detail below.

The estimated reduction in chloride concentrations in

Toronto-area streams seems to be a reasonable observation

based on other published works. In a review of the antici-

pated benefits of best practices for road salt applications,

Gartner Lee Limited (GLL ) predicted about a 20%

reduction in chloride loads and chloride concentrations.

The City of Waterloo was further able to reduce total

road salt application by 10% in the broader urban road net-

work, and by 25% in the vicinity of well fields known to be

susceptible to road salts (Stone et al. ). Municipal

agencies, then, appear to be targeting a general reduction

in the use of road salt by some 20–25%, and that level of

reduction from historical loadings appears to be a reason-

able expectation assuming that weather patterns also

remain consistent into the future. As per Perera et al.
(), road salt loadings are in part weather dependent,

while changes in climate may result in a requirement to

increase salt use per precipitation event, depending on air

temperatures.

Despite the anticipated loading reductions, it is

considered unlikely in the near term that chloride concen-

trations will significantly decrease in surface waters.

Analysis of Ontario’s long-term data set shows an increas-

ing trend in chloride concentration in river waters in

almost every region (Todd et al. ). Time trends in

four watersheds, two rural and two urbanized, were exam-

ined, in particular by Todd et al. (). Chloride

concentrations in the Skootamatta River near the village

of Actinolite (surrounded by natural and agricultural

lands) have increased from a 1980s baseline of ∼2 mg/L

to a present-day value of ∼3 mg/L. Concentrations in the

Sydenham River near Owen Sound (population ∼15,000)
have increased from a 1970s baseline of ∼8–9 mg/L to a

present-day value of ∼12 mg/L. Chloride levels in Fletchers

Creek in Brampton (outside Toronto) have increased from

an average of ∼100 mg/L in the 1970s to an average of

almost 500 mg/L in 2008. Chloride concentrations in Sher-

idan Creek in Mississauga have increased from a 1970s

Table 2 | Percent of taxa benefiting from a 20% reduction in chloride concentrations in
surface water

Initial
chloride
(mg/L)

Final chloride
(mg/L) with 26%
reduction

% benefiting under
short-term
exposures

% benefiting under
long-term
exposures

10,000 7,400 8 2

9,000 6,660 9 2

8,000 5,920 11 3

7,000 5,180 12 3

6,000 4,440 14 4

5,000 3,700 14 6

4,000 2,960 14 7

3,000 2,220 13 9

2,000 1,480 10 10

1,000 740 4 10

800 592 3 9

600 444 2 8

400 296 1 6

200 148 <1 3

100 74 <1 1

Figure 4 | Models of species sensitivity distributions for short-term and long-term
exposures to chloride in surface waters. Models are from CCME (2011). Ver-
tical lines indicate 2,000 and 1,400 mg chloride/L; horizontal lines indicate
fraction of species affected by 2,000 and 1,400 mg/L in short-term and long-
term exposures.
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baseline of almost 300 mg/L to a present day average of

about 800 mg/L. Todd et al. () further tested for stat-

istical significance in trends over time across the

province. They compared chloride concentrations in the

period 1980–1985, to those in the period 2000–2004. For

those stations for which there were adequate data to

make the comparison, over 90% demonstrated a statisti-

cally significant increase in chloride concentration. The

data, thus, overwhelmingly indicate that chloride concen-

trations in ground and surface waters are increasing, and

those increases appear to be related to increasing densifica-

tion of road networks.

The lack of reduction in chloride concentrations in sur-

face waters is in part related to historical loadings that are

now resident in groundwaters which provide a base flow

to surface waters. Groundwater is a storage compartment

for road salts (Kincaid & Findlay ; Mullaney et al.
), and has been identified as a particular challenge to

short-term recovery of surface water concentrations by

both Canadian and US researchers (Ramakrishna & Virara-

ghavan ; Wenck Associates Inc. ; Howard & Maier

; Cooper et al. ; Kincaid & Findlay ; Rubin

et al. ). The University of Guelph, in association with

the City of Toronto, has monitored chloride concentrations

in rivers (Highland Creek, Rouge River, Don River, Humber

River) in Toronto. Despite an estimated 26% reduction in

normalized road salt application loadings (as estimated in

this paper), concentrations of chlorides in the Toronto-

area rivers has not measurably declined (Perera et al.
). Road densities increased over that period, while

weather patterns varied, and total loading of chloride to

streams has continued to increase. The long-term ground-

water concentration of chloride was, further, estimated to

be approximately 275 mg/L, or high enough to pose risks

to aquatic organisms under long-term exposure scenarios.

There has been no calculation of the fraction of

Canadian surface waters that will benefit from the

implementation of the Code of Practice. Impacts are, cur-

rently, anticipated in heavily urbanized areas with high

road densities, and in particular in surface waters that

have low dilution (i.e., small watersheds or catchments)

draining major roadways. The ecological benefits of

implementation of the Code of Practice, therefore, are

anticipated to primarily occur in the most densely populated

urban areas where high chloride levels presently occur

(Mayer et al. ; Morin & Perchanok ). The ecologi-

cal benefits of the Code of Practice are, thus, most likely

to occur in a relatively small fraction of the total land area

in Canada.

The magnitude of the ecological benefit estimated here

(14% of taxa) can be re-expressed in real numbers if we con-

sider the number of species that might naturally occur in a

watercourse. Of the some 10,000 aquatic species that

occur in watercourses in North American (Morton & Gale

; Pennack ), inventories in Canadian waters typi-

cally produce about 100–200 individual taxa in a ‘healthy’

system if we consider fish, benthic invertebrates and macro-

phytes. If the calculations are correct, and implementation

of the Code of Practice resulted in a reduction in chloride

load of some 26%, and there was a benefit to some 14% of

possible taxa, then the number of taxa in the watercourse

may increase by as many as 14–28 taxa. Such an increase

in diversity is clearly measurable assuming a statistically

robust study design (EC ).

The ecological benefits of the Code of Practice may how-

ever be masked by other stressors. The ecological benefit

from reducing chloride levels assumes that other

‘urbanization-related’ stressors are not also limiting the eco-

logical diversity of a surface-water feature. Many urban

centers, however, do release contaminants other than road

salt into aquatic receiving environments. Metals and hydro-

carbons, in addition to chlorides, contaminate runoff from

roadways, at concentrations that are toxic to aquatic ecologi-

cal receptors (Murakami et al. ). Nutrients, suspended

particulate material, and pesticides from urban areas also

enter surface waters (via stormwater runoff and treated

sewage) at concentrations that pose additional risks to

aquatic organisms (EC ). Storm flows from urban

areas can also be erosive, leading to changes to physical

stream habitats, and associated losses of the critical habitats

of some species. The loss of riparian cover within water-

sheds leads to alterations in the hydrological cycle (greater

storm flow volumes, increase in frequency of stream flashi-

ness), which can lead to an increase in erosivity within

watercourses (Booth & Jackson ). The lack of riparian

zones further leads to increasing solar inputs to streams,

resulting in warmer summer temperatures (Barton et al.
). There is thus the real potential that reductions in
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chloride levels will not result in real, measurable ecological

benefit because of masking by other stressors. The masking

effect is, however, hard to predict or quantify because we

have a generally limited specific understanding of the toler-

ances of individual aquatic species to the numerous and

various stressors that are present in urban system (see

Stanfield & Kilgour (), for example).

We predict, herein, in the short term it is unlikely that

we will observe any measurable and apparent ecological

benefit of the Road Salt Code of Practice. Many water-

courses, in the most salt-impacted regions (i.e., Toronto-

area watershed, Mayer et al. ()), are already additionally

impacted by other various urbanization related stressors.

Increasing urban expansion and road densification is,

further, leading to overall increases in chloride concen-

trations in surface waters. Further, although the Code of

Practice is being implemented by many municipalities in

Canada, it does not apply to commercial snow-plowing

operations. Environment Canada considers it likely that

commercial operators use larger amounts of salt to clear

snow and ice from parking lots than typical municipal

agencies would or do, in part because the commercial oper-

ators are compensated on the basis of use (Stone &

Marsalek ). The lack of immediate ecological benefit

should, however, not be used as an excuse to not implement

the Code. The analyses here demonstrate that implemen-

tation of the Code of Practice will lessen the effects from

what they might otherwise become as urban areas expand

and road densities increase. Second, arguing that we

should not address known risks associated with one sub-

stance because there are other known risks associated

with another substance sets a dangerous precedence that

could perpetuate risk legacies. The areas within which

road salts pose significant ecological risks in Canada are

relatively small and localized (i.e., to those areas that are

heavily urbanized like the City of Toronto; Mayer et al.
). There are large areas in Canada where the risks

associated with road salts can be considered negligible to

the point that implementation of the Code of Practice

would have a negligible benefit to ecological receptors.

Kaushal et al. () recently examined the association

between chloride concentrations and percent impervious-

ness. They demonstrated, for watercourses in Baltimore

that chloride concentrations in surface waters were

generally <100 mg/L when percent imperviousness was

<10–15%. That relationship could be used as one of several

potential rules of thumb to identify areas where road salts

are likely to pose a negligible risk to aquatic receptors.

CONCLUSIONS

The Code of Practice appears to have contributed to a

reduction in the ‘normalized’ road salt application by

about 26%. Despite increasing urbanization and densifica-

tion of road networks, a 26% reduction in normalized

application means in the long term that chloride levels

will at least not be increasing by that amount. SSD in con-

trast predicted between 1 and 14% of taxa would benefit

from a 26% reduction in chloride concentrations in surface

waters. Thus, the Road Salt Code of Practice can be

expected to benefit up to 14% of potential freshwater taxa

over the long term. We predict that we will not in the near

term observe ecological benefits of having implemented

the Code of Practice because: (1) road salts pose ecological

risks in limited areas (i.e., densely populated urban areas in

southern parts of the country); (2) other urban stressors are

expected to mask small ecological benefits associated with

small reductions in chloride loads; (3) chloride loadings

and concentrations are generally increasing in association

with increasing urbanization. The lack of observed ecologi-

cal benefit should not be used as an argument to not

implement the Code of Practice in areas where road salts

clearly pose risk to aquatic organisms.

ACKNOWLEDGEMENTS

The concept for this manuscript was developed while the

authors were contracted by Environment Canada (Lise

Trudel) to explore the notion of ecological benefit related

to the Code of Practice. Other contributors, either in-kind

or intellectually included Scott Jarvie (Toronto and Region

Conservation Authority), Peter Noehammer (City of

Toronto), Tim Fletcher and Monika Nowierski (Ontario

Ministry of Environment), and Steve Struger (Ontario

Ministry of Transportation).

50 B. W. Kilgour et al. | Ecological benefit of road salt code of practice Water Quality Research Journal of Canada | 49.1 | 2014



REFERENCES

Barton, D. R., Taylor, W. D. & Biette, R. M. Dimensions of
riparian buffer strips required to maintain trout habitat
in southernOntario streams.N.Am. J. Fish.Manage.5, 364–378.

Benbow, M. E. & Merritt, R. W.  Road salt toxicity of select
Michigan wetland macroinvertebrates under different testing
conditions. Wetlands 24, 68–76.

Bester, M. L., Frin, E. O., Molson, J. W. & Rudolph, D. L. 
Numerical investigation of road salt impact on an urban
wellfield. Ground Water 44, 165–175.

Booth, D. B. & Jackson, C. R.  Urbanization of aquatic
systems: degradation thresholds, stormwater detection, and
the limits of mitigation. J. Am. Water Resour. Assoc.
33, 1077–1090.

Bringolf, R. B., Cope, W. G., Eads, C. D., Lazaro, P. R., Barnhart,
M. C. & Shea, D.  Acute and chronic toxicity of
technical-grade pesticides to glochidia and juveniles of
freshwater mussels (unionidae). Environ. Toxicol. Chem.
26 (10), 2086–2093.

CCME (Canadian Council of Ministers of the Environment) 
Scientific Criteria Document for the Development of the
Canadian Water Quality Guidelines for the Protection of
Aquatic Life, Chloride Ion, PN 1460. Canadian Council of
Ministers of the Environment, Winnipeg, MB.

City of Toronto  Salt Management Plan. Prepared by
Transportation Services Division, Toronto, ON.

Cooper, C. A., Mayer, P. M. & Faulkner, B. R.  The influence
of road salts on water quality in a restored urban stream.
16th National Nonpoint Source Monitoring Workshop,
September 14–18, 2008, Columbus, OH.

COSEWIC (Committee on the Status of Endangered Wildlife in
Canada) a COSEWIC assessment and status report on
the Wavy-rayed Lamp mussel Lampsilis fasciola in Canada.
COSEWIC.

COSEWIC (Committee on the Status of Endangered Wildlife in
Canada) b COSEWIC assessment and status report on
the Northern Riffle shell Epioblasma torulosa rangiana in
Canada. COSEWIC.

Crowther, R. A.&Hynes,H.B.N. The effect of road deicing salt
on the drift of stream benthos. Environ. Pollut. 14, 113–126.

Dowden, B. F. & Bennet, H. J.  Toxicity of selected
chemicals to certain animals. Water Pollut. Control Fed.
30 (9), 1308–1316.

EC (Environment Canada)  Threats to Sources of Drinking
Water and Aquatic Ecosystem Health in Canada. National
Water Research Institute, Burlington, Ontario. NWRI
Scientific Assessment Report Series No. 1, 72.

EC (Environment Canada)  Metal Mining Guidance
Documents for Aquatic Environmental Effects Monitoring.
National EEMOffice, EnvironmentCanada,Ottawa,Ontario.

EC (Environment Canada)  Code of Practice for the
Environmental Management of Road Salts. Environmental
Protection Services, Ottawa, ON.

EC & HC (Environment Canada & Health Canada)  Priority
Substances List Assessment Report – Road Salts. Minister of
Public Works and Government Services, Ottawa, ON.

Elphick, J. R. F., Bergh, K. D. & Bailey, H. C.  Chronic toxicity
of chloride to freshwater species: effects of hardness and
implications for water quality guidelines. Environ. Toxicol.
Chem. 30, 239–246.

Evans, M. & Frick, C.  The effects of road salts on aquatic
ecosystems. NWRI Contribution Series No. 01-000,
August 2001.

Gillis, P. L.  Assessing the toxicity of sodium chloride to
glochidia of freshwater mussels: implications for salinization
of surface waters. Environ. Pollut. 159, 1702–1708.

Gillis, P. L., Mitchell, R. J., Schwalb, A. S., McNichols, K. A.,
Mackie, G. L., Wood, C. M. & Ackerman, J. D. 
Sensitivity of the glochidia (larvae) of freshwater mussels to
copper: assessing the effect of water hardness and dissolved
organic carbon on the sensitivity of endangered species.
Aquat. Toxicol. 88, 137–145.

GLL (Gartner Lee Limited)  Review of ecological/
environmental monitoring opportunities for assessing MTO’s
salt management initiatives. Report prepared by Gartner Lee
Limited, Guelph, Ontario, for the Ontario Ministry of
Transportation, St. Catharines, Ontario.

Howard, K. W. F. & Maier, H.  Road de-icing salt as a
potential constraint on urban growth in the Greater Toronto
Area, Canada. J. Contam. Hydrol. 91, 146–170.

Kaushal, S. S., Groffman, P. M., Likens, G. E., Belt, K. T., Stack,
W. P., Kelly, V. R., Band, L. E. & Fisher, G. T.  Increased
salinization of fresh water in the northeastern United States.
Proc. Natl. Acad. Sci. USA 102, 12517–13520.

Keummel, D. A.  The public’s right to wintertime traffic safety.
In: Transportation Research Board 3rd annual International
Symposium on Snow Removal and Ice Control Technology,
Minneapolis, MN.

Kincaid, D. W. & Findlay, S. E. G.  Sources of elevated
chloride in local streams: Groundwater and soils as potential
reservoirs. Water Air Soil Pollut. 203, 335–342.

Marsalek, J.  Road salts in urban storm water: an emerging
issue in storm water management in cold climates. Water Sci.
Technol. 48 (9), 61–70.

Mayer, T., Snodgrass, W. J. & Morin, D.  Spatial
characterization of the occurrence of road salts and their
environmental concentrations as chlorides in Canadian
surface waters and benthic sediments. Water Qual.
Res. J. Can. 34, 545–574.

Morin, D. & Perchanok, M.  Road Salt Loadings in
Canada, Supporting Document for Road Salts, Submitted
to the Environmental Resource Group for Road Salts,
Commercial Chemicals Evaluation Branch, Environment
Canada.

Morton, W. B. & Gale, G. E.  A Guide to Taxonomic
Standards for Identification of Ontario Freshwater
Invertebrates. Ontario Ministry of Natural Resources,
Fisheries Branch, Ontario, Canada, Version 85.

51 B. W. Kilgour et al. | Ecological benefit of road salt code of practice Water Quality Research Journal of Canada | 49.1 | 2014

http://dx.doi.org/10.1577/1548-8659(1985)5%3C364:DORBSR%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8659(1985)5%3C364:DORBSR%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8659(1985)5%3C364:DORBSR%3E2.0.CO;2
http://dx.doi.org/10.1672/0277-5212(2004)024%5B0068:RTOSMW%5D2.0.CO;2
http://dx.doi.org/10.1672/0277-5212(2004)024%5B0068:RTOSMW%5D2.0.CO;2
http://dx.doi.org/10.1672/0277-5212(2004)024%5B0068:RTOSMW%5D2.0.CO;2
http://dx.doi.org/10.1111/j.1745-6584.2005.00126.x
http://dx.doi.org/10.1111/j.1745-6584.2005.00126.x
http://dx.doi.org/10.1111/j.1752-1688.1997.tb04126.x
http://dx.doi.org/10.1111/j.1752-1688.1997.tb04126.x
http://dx.doi.org/10.1111/j.1752-1688.1997.tb04126.x
http://dx.doi.org/10.1897/06-522R.1
http://dx.doi.org/10.1897/06-522R.1
http://dx.doi.org/10.1897/06-522R.1
http://dx.doi.org/10.1002/etc.365
http://dx.doi.org/10.1002/etc.365
http://dx.doi.org/10.1002/etc.365
http://dx.doi.org/10.1016/j.envpol.2011.02.032
http://dx.doi.org/10.1016/j.envpol.2011.02.032
http://dx.doi.org/10.1016/j.envpol.2011.02.032
http://dx.doi.org/10.1016/j.aquatox.2008.04.003
http://dx.doi.org/10.1016/j.aquatox.2008.04.003
http://dx.doi.org/10.1016/j.aquatox.2008.04.003
http://dx.doi.org/10.1016/j.jconhyd.2006.10.005
http://dx.doi.org/10.1016/j.jconhyd.2006.10.005
http://dx.doi.org/10.1016/j.jconhyd.2006.10.005
http://dx.doi.org/10.1073/pnas.0506414102
http://dx.doi.org/10.1073/pnas.0506414102
http://dx.doi.org/10.1007/s11270-009-0016-x
http://dx.doi.org/10.1007/s11270-009-0016-x
http://dx.doi.org/10.1007/s11270-009-0016-x


Mullaney, J. R., Lorenz, D. L. & Arntson, A. D.  Chloride in
Groundwater and Surface Water in Areas Underlain by the
Glacial Aquifer System, Northern United States, National
Water-Quality Assessment Program, Scientific Investigations
Report 2009–5086. US Department of the Interior, US
Geological Survey.

Murakami, M., Sato, N., Anegawa, A., Nakada, N., Haraada, A.,
Komatsu, T., Takada, H., Tanaka, H., Ono, Y. & Furumai, H.
 Multiple evaluations of the removal of pollutants in
road runoff by soil infiltration. Water Res. 42, 2745–2755.

Novotny, V., Smith, D. W., Keummel, D. A., Mastriano, J. &
Bartosova, A.  Urban and Highway Snowmelt:
Minimizing the Impact on Receiving Water. Water
Environment Research Foundation, Alexandria, VA.

Pennack, R.  Fresh-water Invertebrates of the United States:
Protozoa toMollusca, 3rd edn.Wiley Interscience, NewYork.

Perera, N., Gharabaghi, B., Noehammer, P. & Kilgour, B. 
Road salt application in Highland Creek watershed, Toronto,
Ontario – chloride mass balance. Water Qual. Res. J. Can.
45, 451–461.

Posthuma, L., Suter, G. W. & Traas, T. P.  Species Sensitivity
Distributions in Ecotoxicology. Lewis Publishers, Boca Raton.

Ramakrishna, D. M. & Viraraghavan, T.  Environmental
impact of chemical deicers – a review. Water Air Soil Pollut.
166, 49–63.

Rubin, J., Garder, P. E., Morris, C. E., Nichols, K. L., Peckenham,
J. L., McKee, P., Stern, A. & Johnson, T. O. MaineWinter
Roads: Salt, safety, environment and cost, a report by the
Margaret Chase Smith Policy Center. TheUniversity ofMaine.

Rutherford, J. C. & Kefford, B. J.  Effects of salinity on stream
ecosystems: Improving models for macroinvertebrates.
CSIRO Land and Water Technical Report 22/05.

Stanfield, L. W. & Kilgour, B. W.  Effects of percent
impervious cover on fish and benthos assemblages and in-
stream habitats in Lake Ontario. In: Influences of Landscape
on Stream Habitats and Biological Assemblages, R. M.
Hughes, L. Wang & P. W. Seelbach (eds). American Fisheries
Society Symposium, Bethesda, MD, 48, 577–599.

Stone, M., Emelko, M. B., Masalek, J., Price, J. S., Rudolph, D. L.,
Saini, H. & Tighe, S. L.  Assessing the efficacy of current
road salt management programs. Report by the University of
Waterloo and the National Water Research Institute to the
Ontario Ministry of the Environment and the Salt Institute.

Stone, M. & Marsalek, J.  Adoption of best practices for the
environmental management of road salt in Ontario. Water
Qual. Res. J. Can. 46, 174–182.

Todd, A., Kaltenecker, G. & Sunderani, S.  Chloride
concentrations in Ontario’s streams. 1st International
Conference on Urban Design and Road Salt Management in
Cold Climates, University of Waterloo, May 26, 2009.

USEPA (United States Environmental Protection Agency) 
Ambient Water Quality Criteria for Chlorides. Prepared by
the Office of Water, Regulations and Standards Criteria and
Standards Division, Washington, DC.

Wenck Associates Inc.  Shingle Creek Chloride TMDL
Report. Prepared for Shingle Creek Water Management
Commission and the Minnesota Pollution Control Agency,
Wenck Associates Inc., Maple Plain, MN.

First received 15 April 2012; accepted in revised form 2 December 2012. Available online 27 August 2013

52 B. W. Kilgour et al. | Ecological benefit of road salt code of practice Water Quality Research Journal of Canada | 49.1 | 2014

http://dx.doi.org/10.1016/j.watres.2008.02.004
http://dx.doi.org/10.1016/j.watres.2008.02.004
http://dx.doi.org/10.1007/s11270-005-8265-9
http://dx.doi.org/10.1007/s11270-005-8265-9
http://dx.doi.org/10.2166/wqrjc.2011.105
http://dx.doi.org/10.2166/wqrjc.2011.105

	0_Copyright
	1418211
	Ecological benefit of the road salt code of practice
	INTRODUCTION
	METHODS
	Normalized road salt loadings
	Quantifying ecological benefit

	RESULTS
	Reduction in normalized road salt application rates
	Ecological benefit

	DISCUSSION
	CONCLUSIONS
	The concept for this manuscript was developed while the authors were contracted by Environment Canada (Lise Trudel) to explore the notion of ecological benefit related to the Code of Practice. Other contributors, either in-kind or intellectually included Scott Jarvie (Toronto and Region Conservation Authority), Peter Noehammer (City of Toronto), Tim Fletcher and Monika Nowierski (Ontario Ministry of Environment), and Steve Struger (Ontario Ministry of Transportation).
	REFERENCES



